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SYSTEM ENGINEERING FOR A WEATHER STATION 
 
SAMUEL MAHATMAPUTRA TEDJOJUWONO   
 
Abstract 
 
The system introduced in this paper is an alternate scenario using “Weather Station” 
information system. An overview of this system can be seen from the first part of the paper 
(System Outline). The presentation is divided into two parts (part1-requirements analysis 
and part2-functional analysis) which are strongly correlate each other. In the first part, the 
paper will introduce the outline of the system along with its domain and environment. It 
also will discuss about: mission analysis, constraints & requirements analysis, and how to 
trace the requirements to the function that satisfy the particular requirement. It also will 
make use some analysis tools such as: Data Flow Diagram, requirement parsing technique, 
and primitive requirement analysis. It analyzed 3 examples of requirements and proposed 
suggestion to improve them.  
 
The second part will make use the Functional Hierarchical Diagram (FHD) and Functional 
Flow Block Diagram (FFBD) to describe the functional relationship in the system. It also 
used N2 chart in conjunction with the previous technique. It also will explain the update of 
the traceability matrix in order to carefully map the requirements and the functions in the 
system. Also, throughout the paper, the notation R# will be used to indicate Requirement 
number, for example R#21 means requirement number 21. On the other hand, the function 
number will be written in numbers for some Diagrams and tables (i.e. 2.0); but will be 
written with a prefix ‘F’ letter in the time line diagrams (i.e. F 2.0). This prefix is to help 
in differentiating between the function number and the unit in minute or second in the 
timeline context. 
 
Keyword: system engineering, weather station. 
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Part 1 Requirement Analysis 
1.1. System Outline 
The overview of the weather information system can be divided into 4 layers: layer0-the 
weather, layer1-equipments&sensors, layer2-central station and layer3-customer. The 
illustration of the system is the following: 
 
Uninhabited
Collection Station
The
Weather
aircraft ships
Comm. Tower
Central
Layer 0
Layer 3
Layer 2
Layer 1
Providing various input:
temperature, pressure, wind speed & direction,
rainfall, and humidity.
Layer 1 consist of 3 entities: collection station, aircraft,
and ships.
The collection station uses standard sensor (s) to collect
weather data. The sensors are:
Air temperature sensor, soil temperature sensor, Grass
temperature sensor, Anemometer, Wind direction
sensor, Tipping bucket rain gauge, Solar radiation
sensor.
Weather data collected from the sensors will enter a data
processing to produce minimum, maximum and average
according to the period which is defined by an operator.
The result will be sent to the central.
City
Central will create the required map and weather
information by collating data from the collection station,
aircraft, and ships. The result will be ready and will be
delivered to the public.
The public will receive various information about the
weather from the central.
Overview of the Weather Information System
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Collected data will flow sequentially from the weather source (layer0) to the end customer 
(layer4). Each layer should acquired data directly from the previous layer.  
 
1.2 Context Diagram 
From the system overview above, we can portray more about the system through a Context 
Diagram and its detail in level 1 Data Flow Diagram. The following diagrams are focusing 
only with the system and its related domain. In other words will design in detail of how 
uninhabited collection station (layer 1) and the central (layer 2) will perform the tasks 
required. The context diagram is as follow: 
 
Weather Information
System
Weather
Sensors
Aircraft
Ships
Public
(customer)
Collation
data
Weather data
Collation
data
Weather
map
Operator Required period
Context diagram
Text Information
of the weather
parameters
 
Diagram 1 – Context Diagram 
 
We can see from the diagram that the Weather Information System is interacting with 5 
external entities: Operator, the Sensors, Aircraft, Ships, and the Customers. It needed 4 
inputs from the external entities and will produce 2 outputs for the Customer.
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The detail of the system’s context diagram: 
DFD level 1
1.0
Capture
weather data
from sensors
4.0
Generate
weather
information
Weather data
from sensors
Weather
Sensors
2.0
Summarize
Weather data
Weather data
summary
3.0
Gather
collation data
Aircraft
Ships
Collation
data
Collation
data
Weather data
Data from aircraft
and ships
Operator
Required period
Required period
Required period
Public
(customer)
Weather
map
Text Information
of the weather
parameters
Flag=true
5.0
Backup
Data
Backup
 
Diagram 2 – DFD level 1 
 
1.3 Mission analysis 
Long term (System Life Mission): 
“Provide the public (customer) with accurate and timely weather information in the form 
of text and map (graphic).” 
 
Short term (System Sortie Mission): 
R# 1. Provide user with the weather map for the period nominated by an 
 operator with respond time less than 10 min.  
R# 2. The output respond time of the nominated text report for the user shall 
 be less than 10 min. 
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Key Steps 
Each of the sortie missions consists of several key steps to successfully achieve a particular 
goal. The key steps to achieve the sortie mission are defined as follow: 
• Sortie mission 1 - Provide user with the weather map for the period nominated by 
an operator. Its key steps in sequential order are: 
1. Capture weather data from sensors 
2. Summarize weather data 
3. Get collation data from particular ships and aircrafts 
4. Generate a weather map from the data that have been collected. 
 
• Sortie mission 2 - The output respond time of the nominated text report for the user 
shall be less than 10 min. Its key steps in sequential order are: 
1. Capture weather data from sensors. 
2. Summarize weather data. 
3. Get collation data from particular ships and aircrafts. 
4. Generate text information about the weather parameters from the data that have 
been collected. 
 
Each of the key steps above can be decomposed into smaller steps/ functions to provide 
detail about the particular key steps. The decomposition is as follow: 
• Capture weather data from sensors. Its detail steps/ functions are: 
1. Get data from the sensors 
2. Transform data 
• Summarize weather data. Its detail steps/ functions are: 
1. Read input parameters 
2. Compute data summary 
• Get collation data from particular ships and aircrafts. Its detail steps/ functions 
are: 
1. Get input parameters. 
2. Save collation data. 
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• Generate a weather map and text information from the data that have been 
collected. Its detail steps/ functions are: 
1. Read parameters. 
2. Create weather map. 
3. Create text report. 
 
1.4 Constraints 
Constraints can be seen as another type of user requirements [Stevens, 1998, p.35]. More 
over Stevens explained that these types of requirements may not fit within the scenario. Or 
in other word there exist some level of difficulties in mapping particular constraints with 
the system’s functions. We can see clearly about this on the Requirement Traceability 
matrix where some constraints are not cover in the system functionalities. 
Project’s constraints: 
R# 3. The weather system shall be ready by 31 November 2007. 
R# 4. It shall not exceed the budget that has been stated in the MOU ($1.3 
 million). 
R# 5. Any update to the system requirements shall be approved by the board 
 meeting and proposed less than 10 months from the starting date of the 
 project. 
R# 6. The progress of the project shall be measured with the following 
 parameters: 
i. Time – the schedule of the project 
ii. Budget allocation – is the project in line with the budget allocated? 
iii. Project’s scope – how far the scope of the project has accomplished. 
iv. Quality of the project – is there any quality improvement to be 
made? 
R# 7. Fortnightly audit shall be carried out to assess the project’s progress. 
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System’s constraints: 
R# 8. System’s operational and location of remote station and central station 
 shall not violate the current Government regulations of environment and 
 conservation. 
R# 9. Current radio communication technologies available in the market have 
 frequency hopping ranging between 300 MHz and 3 GHz. The system 
 design shall take this technology constraint into account. 
R# 10. The weather sensors shall be able to be upgraded every 5 years. 
 
1.5 User Requirements 
The following requirements are carried out under the assumption (scenario) that the 
system runs under normal weather circumstances. Operate under normal weather 
circumstances in this context means it is not operated in the time of extreme weather 
condition or natural disaster where the weather parameters can not be measured accurately 
or are exceeding the capacity of the censors. The following points are the user requirements 
of the Weather Information System in a normal scenario: 
R# 11. The system shall provide accurate and timely information about the 
 weather parameters in the form of text and graphic (weather map) using 
 current radio communication technology. 
R# 12. A new operator shall be able to use the system after 15 min introduction/ 
 training. 
R# 13. The user shall be able to view the weather history for the past 6 month. 
R# 14. The operator shall be able to input the weather periods to the system to 
 view the desired weather parameters within the particular periods. 
R# 15. The system shall provide the result to the user less than 10 minutes from 
 the input time of the nominated period by an operator. 
R# 16. The system shall be able to produce minimum, maximum and the average 
 data of a particular weather parameter when it is requested by an operator. 
R# 17. The sensors shall be able to collect weather data automatically without 
 operator. 
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R# 18. The system shall provide the following weather parameters: temperature, 
 pressure, wind speed & direction, rainfall, and humidity. 
R# 19. The system shall be able to backup any information and operate in a 
 backup system if any failure occurs to its component(s).  
 
Under the extreme condition, disaster, or where it is not possible for the equipments to 
work correctly, the following requirements should be carried out by the system: 
R# 20. The system shall have a backup data of the last normal condition recorded. 
R# 21. The system shall be able to recovery as soon as possible. 
 
1.6 Requirements analysis (3 samples) 
The following section will pick 3 sample from the user requirements above and analysis 
them using primitive technique and requirement parsing technique appropriately.  
Sample-1: 
The first sample is taken from one of the user requirements (R# 11): 
“The system shall provide accurate and timely information about the weather 
parameters in the form of text and graphic (weather map) using current radio 
communication technology.” 
Requirement Parsing: 
Element Text Remarks 
Actor The system  
Condition for action In a normal condition 
(taken from the scenario) 
What about in time of 
disaster? 
Action Provide information  
Constraint of action accurate and timely How to evaluate “accurate” 
in this requirement? 
How to evaluate “timely”? 
Object of action Text report and Weather 
map 
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Refinement of constraint 
of action 
error tolerance 0.3% and 
shall deliver the weather 
prediction 6 days ahead 
 
Refinement of object   
Other Using current radio 
communication technology. 
Is it the only way to solve 
the problem? What about 
other technology?  
 
Analysis: 
The requirement is not representing a good requirement as it is incomplete by not stating 
how accurate and how fast the system shall provide the information. It is also 
indemonstrable as “accurate” and “timely” are abstract and subjective. It also stated 
“how” to deliver the information by stating “using current radio communication 
technology” at the last part of the sentence. This will bring unnecessary restriction to the 
bidding/tender process (if applicable) and to the development process of the system. The 
requirement should only define “what” is needed from the system, and not directing or 
proposing how to solve it. Thus the new suggestion will be: 
“The system shall provide information about the weather parameters in the form of 
text and graphic (weather map) with error tolerance 0.3% and shall deliver the 
weather prediction 6 days ahead.” 
 
The new suggestion expressed a good requirement as it is complete, consistent, 
demonstrable, and states “what” and not “how”. However the new requirement also reflects 
dual objectives by combining accuracy metric and time metric in one statement. It is 
logical to split them in two different requirements: 
R# 22. “The system shall provide information about the weather parameters 
 in the form of text and graphic (weather map) with error tolerance 
 0.3%.” 
R# 23. “The system shall provide information about the weather parameters 
 prediction 6 days ahead.” 
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Broadly the two new requirements can be categorized as qualitative requirements, which 
is means verifiable by measurement.  
Sample-2: 
The second sample of requirement is taken from the sortie mission number 1 (R# 1): 
“Provide user with the weather map for the period nominated by an operator with 
respond time less than 10 min.” 
Primitive analysis: 
Controlled Attribute Relation Value and unit 
Respond Time Less than 10 min 
Add subject: output respond time < 10 min 
Add verb: output respond time shall be < 10 min 
Add qualifier: the nominated weather map for the user. 
 
After applying the primitive analysis technique, we can clearly see that the first version of 
the requirement is ambiguous and not straightforward.  We can rebuild it by combining the 
controlled attribute, relation, value & unit, subject, verb, and qualifier to rewrite the 
requirement: 
“The output respond time of the nominated weather map for the user shall be 
less than 10 min.” (Replace R# 1) 
This later version is unambiguous/ clear, complete, verifiable, state “what” not “how” and 
correct. It can be included as a quantitative requirement and may produce another sub 
requirement(s) or Derived requirement. 
 
Sample-3: 
The third requirement to be analyzed is taken from R# 21: 
“The system shall be able to recovery as soon as possible.” 
Parsing technique: 
Element Text Remarks 
Actor The system  
Condition for action Break down What about in time of 
disaster? 
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Action Recover  What is exactly recovering 
means? 
Constraint of action as soon as possible How to evaluate “as soon as 
possible”? 
Object of action Text report and Weather 
map 
 
Refinement of constraint 
of action 
Less than 24 hours  
Refinement of action Operate in stable condition  
Other   
 
After applying the parsing technique we can repair the requirement statement as: 
“The system shall be able to operate in stable condition less than 24 hours” 
(R# 21) 
 
1.7 Derived Requirements 
More detail of technical requirement can be derived from the user requirements. An 
example of that can be seen in the following lists: 
Derived from requirement r#13: 
R# 24. The system database shall be able to keep the data for 6 month. 
Derived from requirement r#15: 
R# 25. Capturing data from sensors shall be less than 4 min. 
R# 26. Summarizing weather data shall be less than 30 sec. 
R# 27. Gathering collation data from aircraft and ship shall be less than 4.2 min. 
R# 28. Generating weather map and text report shall be less than 1 min. 
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1.8 Requirements Traceability Matrix 
Requirement 
# 
Function # Explanation 
R# 1 1.0, 2.0, 3.0, 4.0 Functional 
R# 2 1.0, 2.0, 3.0, 4.0 Functional 
R# 3   Operational 
R# 4   Operational 
R# 5   Operational 
R# 6   Operational 
R# 7   Operational 
R# 8   Operational 
R# 9   Physical 
R# 10   Physical 
R# 11   
replaced by R# 23, R# 
24 
R# 12 4.1 Functional 
R# 13 1.2.3, 2.2.4, 3.2.1, 3.2.2, 5.0 Functional 
R# 14 4.1.1 Functional 
R# 15 4.2, 4.3 Functional 
R# 16 2.2.1, 2.2.2, 2.2.3 Functional 
R# 17   Physical 
R# 18 
1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 
1.1.7 Functional 
R# 19 5.1, 5.2, 5.3 Functional 
R# 20 5.1, 5.2, 5.3 Functional 
R# 21 (will be discussed later in part 2) Functional 
R# 22 4.2, 4.3 Functional 
R# 23 4.2, 4.3 Functional 
R# 24 1.2.3, 2.2.4, 3.2.1, 3.2.2, 5.0 Functional 
R# 25 
1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 
1.1.7 Functional 
R# 26 2.1, 2.2 Functional 
R# 27 3.1.2, 3.1.3 Functional 
R# 28 4.1, 4.2, 4.3 Functional 
 
As we can see from the traceability matrix, the Functional category requirement can be 
mapped with the functions of the system. However for Physical and Operational categories 
can not be mapped into the functions. Most of these requirements are Project’s constraints 
or System’s constraints. 
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Part 2 Functional Analysis 
2.1 Functional Hierarchy Diagram (FHD) 
The following FHD diagrams explain how each function is decomposed to its sub 
functions. However with FHD we can not see clearly of how these functions actually 
interacts each other, it only shows the hierarchy of the functions. To see the flow 
(interactions) of the functions will be explained later in the FFBD (Function Flow Block 
Diagram) and the N2 chart. The system FHD diagrams are as follow: 
 
 
1.0
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1.1.5
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1.1.6
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1.2.1
Evaluate data
from sensors
1.2.2
Format data to
be saved in
database
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Diagram 3 – FHD 1.0 
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Diagram 4 – FHD 2.0 
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Diagram 5 – FHD 3.0 
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Diagram 6 – FHD 4.0 
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Diagram 7 – FHD 5.0 
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2.2 Functional Flow Block Diagram (FFBD): 
Weather Information System FFBD diagrams: 
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5.0
Backup data
OR OR
  
Diagram 8– FFBD level 1 
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Diagram 9– FFBD level 2 
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2.3 N2  Chart 
The chart shows how the functions interacting each other by passing data / parameters. 
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2.4 Timeline diagram 
The following time line diagram is related to the sortie missions of the system. It 
explaining the overall time needed to perform one cycle of the system. 
F 1.0
F 2.0
F 3.0
F 4.0
F
5.0
0   1        2            3   4        5            6   7        8            9 10
Total time = 10 Minutes
 
Diagram 10 – Time line diagram 
Description: 
Function Name Time 
1.0 Capture weather data from sensors 4 min 
2.0 Summarize weather data 30 sec 
3.0 Gather collation data 4 min 2 sec 
4.0 Genearate weather information 1 min 
5.0 Backup data 10 sec 
 
F.
4.1.2
F 4.1.4
F.
4.1.3
F 4.2.2
F 4.3.2
F 4.1.1: 0.1 Sec
F 4.1.2: 0.5 Sec
F 4.1.3: 0.5 Sec
F 4.1.4: 2 Sec
F 4.2.1: 0.3 Sec
F 4.2.2: 4 Sec
F 4.3.1: 0.3 Sec
F 4.3.2: 0.3 Sec
Total time = 60 Sec (1 Min)
 
Diagram 11 – Time line diagram (function 4.0) 
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Time line diagram for function 4.0 is one of the critical time analyses of the system 
performance. The timeline description is the following: 
Function Name Time (second) 
4.1.1 Get nominated period from operator 0.1 
4.1.2 Get weather data summary 0.5 
4.1.3 Get collation data 0.5 
4.1.4 Batch to memory 2 
4.2.1 Read batch data for map 0.3 
4.2.2 Generate weather map from batch 4 
4.3.1 Read batch data for text report 0.3 
4.3.2 Generate text report from batch 2.3 
 
 
2.5 Verification method 
For function in level 2 FFBD. 
Functions Name Verification method 
1.1 Get data from the sensors testing 
1.2 Transform data testing 
2.1 Read input parameters testing 
2.2 Compute data summary testing 
3.1 Get input testing 
3.2 Save collation data testing 
4.1 Read parameters testing 
4.2 Create text report demonstration 
4.3 Create Weather map demonstration 
5.1 Backup sensors data testing 
5.2 Backup summary data testing 
5.3 Backup collation data testing 
6.1 Recover weather & summary data demonstration 
6.2 Recover collation data demonstration 
 
The above verification method explains of how each function will be verified to be valid 
and perform as required. 
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2.6 Update matrix on traceability matrix mapping requirements 
After mapping all the function with the requirement (see part 1 - Traceability Matrix) it 
was found that R# 21 have not yet satisfied by the functions in the system. The requirement 
description is: 
“The system shall be able to operate in stable condition less than 24 hours” 
(R# 21) 
The system has the mechanism to backup all the data but has not described how actually 
the recovery mechanism will be carried out. The following FHD is an addition to function 
6.0 Recover Data. 
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Diagram 12 – FHD 6.0 
 
Along with it we also should update the traceability matrix. The updated matrix will show 
that R# 21 has been satisfied by the sub functions 6.1 and 6.2. The matrix itself can be seen 
at the next page. 
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Updated Traceability Matrix: 
Requirement 
# 
Function # Explanation 
R# 1 1.0, 2.0, 3.0, 4.0 Functional 
R# 2 1.0, 2.0, 3.0, 4.0 Functional 
R# 3   Operational 
R# 4   Operational 
R# 5   Operational 
R# 6   Operational 
R# 7   Operational 
R# 8   Operational 
R# 9   Physical 
R# 10   Physical 
R# 11   
replaced by R# 23, R# 
24 
R# 12 4.1 Functional 
R# 13 1.2.3, 2.2.4, 3.2.1, 3.2.2, 5.0 Functional 
R# 14 4.1.1 Functional 
R# 15 4.2, 4.3 Functional 
R# 16 2.2.1, 2.2.2, 2.2.3 Functional 
R# 17   Physical 
R# 18 
1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 
1.1.7 Functional 
R# 19 5.1, 5.2, 5.3 Functional 
R# 20 5.1, 5.2, 5.3 Functional 
R# 21 6.1, 6.2 Functional 
R# 22 4.2, 4.3 Functional 
R# 23 4.2, 4.3 Functional 
R# 24 1.2.3, 2.2.4, 3.2.1, 3.2.2, 5.0 Functional 
R# 25 
1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6, 
1.1.7 Functional 
R# 26 2.1, 2.2 Functional 
R# 27 3.1.2, 3.1.3 Functional 
R# 28 4.1, 4.2, 4.3 Functional 
 
 
The updating process can be continued to revise the N2 matrix and FFBD level 1 and 
level 2. The matrix and the diagrams can be seen from the next few pages. 
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Diagram 13 – updated N2 matrix 
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Diagram 14 – updated FFBD level 1 
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Diagram 15 – updated FFBD level 2 
 
From the previous two FFBD diagrams we can see that the system has two scenarios to 
operate with: Normal condition and Disaster/ system break down condition. If the system 
is operating in the normal condition, then it will perform all the functions except function 
6.0 and its sub functions. However, if the system is operating in an extreme condition such 
as in disaster or system breakdown, then the system will skip function 1.0 to function 3.0 
along with their sub functions, and start the system from function 6.0 (with sub functions 
6.1 and 6.2 - Recovery). After performing function 6.0 and its sub functions, the system 
than will continue to perform function 4.0 and 5.0 (with their sub functions: 4.1, 4.2, 4.3, 
5.1, 5.2, and 5.3). 
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Conclusion 
 
To be able to build a system that is effectively in line with the need of the user, a 
systematical approach in system engineering is extremely important. Some examples have 
been presented through part 1 and 2 to show that without a thorough understanding of what 
constitute a good requirement, and how to map the requirements to the functions the system 
will suffer from inefficiency or even may not be able to perform as required. 
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